The influence of three soil tillage technologies and two fertilisation levels on a productivity of crops and biomass for energy use, expressed in yield, cereal units (CU), energy acquired and indicative price of energy per hectare was evaluated at the experimental fields of Research Institute of Plant Production in Piešťany during [2007][2008][2009]. The highest yield of dry matter has been identified for maize for silage 19.41 t/ha, followed by winter oilseed rape 15.77 t/ha, triticale 15.39 t/ha and winter wheat 14.08 t/ha. Conventional tillage created soil condition for higher yield of dry matter in an average 17.92 t/ha, followed by minimum soil tillage 16.27 t/ha and no-till-age technology 14.3 t/ha. Nitrogen-based fertilisation (N 120 ) has ensured a significantly higher yield of dry matter and a higher price of acquired energy €491.1 compared with €462.1 of zeronitrogen fertilisation. The highest yield of cereal units has been identified for maize for silage 9.01 CU, followed by winter wheat 5.21 CU, triticale 4.70 CU and winter oilseed rape 4.55 CU. Energy of maize for silage has been calculated from biogas, winter oilseed rape from rape methyl ester, straw and crop residues, and for winter wheat and triticale from ethanol and straw. Average energy storage in plant biomass of crop rotation was 222.93 GJ/ha. The highest amount of energy acquired has been identified for winter oilseed rape 342.80 GJ/ha, followed by maize for silage with 236.99 GJ/ha, winter triticale 159.39 GJ/ha and winter wheat 152.52 GJ/ha.
Development of environmentally sound technologies is focused on effective use of fertilisers and suitable tillage technologies. These two factors are also important for optimising energy production from biomass on arable land. Biomass has always been a major source of energy for mankind and is presently estimated to contribute about 10-14% of the world's energy supply (McKendry 2002) . Beyond its agricultural and food-processing use, biomass is also used as an excellent fuel. Biochemical and thermo chemical conversion technologies can convert CO 2 neutral biomass feedstock into carbon containing biofuels such as biodiesel, dimethyl esters to hydrogen (Cannell 2003; Prasertsana & Sajjakulnukit 2006) .
Energy crops currently contribute a relatively small proportion to the total energy produced from biomass each year, but the proportion is set to grow over the next few decades (Sims et al. 2006) . Today, the biggest amounts of fuel ethanol (bio ethanol) are produced from sugar-beet (Brazil) or maize (USA). However, it is also possible to use other amylaceous crop-plants (barley, oat, rice, wheat, rye, potato, sorghum) and agricultural residues as straw from wheat, rye, oat, barley and rice (Kim & Dale 2004) . Some of the more common energy crops related to this research are listed below. For example, oil crops are as follows: oilseed rape, linseed, field mustard, hemp, sunflower, safflower, castor oil, olive, palm, coconut and groundnut. Vegetable oils can be used directly as heating fuels or refined to transport biofuels such as biodiesel esters. The grain of cereals (e.g. barley, wheat, oats, maize and rye) can be used to produce ethanol and the straw can be used as a solid fuel. They can also be grown and harvested as a whole crop (grain plus straw) before the grain has ripened and used as a solid fuel or for biogas production feedstock. Solid energy crops (e.g. whole crop maize, cardoon, sorghum, kenaf, reed canary grass and short rotation coppice willow). These crops can be utilised whole to produce heat and electricity directly through combustion or indirectly through conversion for use as biofuels like methanol and ethanol (Vilček 2003; Otepka & Haban 2006; Sims et al. 2006; Otepka et al. 2011) .
Cereals like rye, triticale, barley, maize and alfalfa show relatively low values of greenhouse gas emissions, and cumulated energy demand whereas hemp and Jerusalem artichoke have a considerable worse balance (Plöchl et al. 2009 ). Cultivation of wheat, triticale and rye for energy purposes had been earlier investigated also by Mikulíková et al. (2008) .
Slovak agriculture can devote a certain amount of secondary agricultural soil to a special-purpose cultivation of green biomass for energy production either in the form of green plants for biogas (maize, cereals, pulses, etc.) or for a subsequent combined energy and heat production. From a total area of 370 thousands hectares of agricultural soil, 100,000 hectares has been thought over as a feasible area under cultivation for energy plantation of phytomass and dendromass.
The aim of the present research was to assess the influence of the field crops, soil cultivation and nitrogen fertilisation on productivity of crops and level of alternative energy use.
MATERIAL AND METHODS
The field experiment was carried out in 2007-2009 on Luvi-Haplic Chernozem in Plant Production Research Center Piešťany -Research Station in Borovce. The experimental site is located in the maize-barley growing region in Western Slovakia (E 17°75', N 48°58') with an altitude of 167 m above MSL (Mean Sea Level). The location has continental climate with an average annual temperature of 9.09°C an average annual precipitation of 544.9 mm. The main soil type is a Luvi-Haplic Chernozem on carbonate loess with loamy to clay-loamy texture with a pH of 5.6-7.2 and medium humus content of 1.8%-2.0%, 187-234 mg/kg available P (according to Egner), 173-219 mg/kg available K (according to Schachtschabel) and 255-307 mg/kg available Mg (Mehlich II).
Evaluated factors of the field experiment:
Factor A (crop-plant): a1 -winter triticale, a2 -maize for silage, a3 -winter wheat, a4 -winter oilseed rape; Factor B (soil cultivation): b1 -direct sowing (no-tillage), b2 -minimum-tillage (disk tillage), 2 included in the experiment. The experimental design was a randomised complete block in a split-plot arrangement with two replicates of four-course crop rotation. Crops were the main plots, the soil tillage technologies were the subplots, with two levels of fertilisation (Table 1) . Common management practices for crop protection, processing and harvesting were used.
We evaluated the productivity of crops using two indicators. Crop of dry matter according to plant analysis; cereal units (CU) according Čvančara (1967) using coefficients as follows: for winter wheat and triticale 1.0, winter oilseed rape 2.0, maize for silage 0.15. Term cereal units is used to express the contribution that crops make to the nutrition of monogastric beings. Energy production from evaluated crops was calculated according to the amount of acquired energy: energy of maize for silage has been calculated from methane (1 m 3 = 35.8 GJ), amount of methane was calculated from biogas production (from one kg of dry matter of maize biomass 680 dm 3 biogas is obtained), of winter oilseed rape from biodiesel -rape methyl ester, 1t rape methyle ester = 33.997 GJ and straw 1t = 17.5 GJ, and for winter wheat and triticale from ethanol 1t = 25.121 GJ and straw 1t = 15.5 GJ ( grate productivity of crops and other factors compared. Statistical evaluation is presented in Tables 2 and 3. Yield of dry matter, cereals units and energy acquired were influenced by the year, crops, tillage technology and different fertilisation (Table 2 ). Significant interaction between year and crop, and between year and tillage technology indicates that the year conditions significantly affected all evaluated sources of variation except fertilisation.
Yield of "crop dry matter" as an indicator of crops productivity is documented in There is an alternative technology of traditional agricultural soil processing, so called minimising cultivation, which is based on reduction of some operating processes used in common. It is possible to perform this technology only in particular soil conditions (Vilček & Kováč 2011) . In our experiment, the highest yield of dry matter has been identified for use of conventional till- The means followed by the same letter are not significantly different at P 0.01 < probability level Nitrogen-based fertilisation (N 120 ) has guaranteed a significantly higher yield of dry matter with comparison to N 0 . Evaluated crops response differently to the conditions of years or soil cultivation technologies as indicates highly significant interactions: crop × year and crop × soil cultivation technology ( Table 2) .
Comparison of crop productivity (Table 3) The highest yield of cereal units has been identified for maize for silage 9.01 CU, followed by winter wheat -5.21 CU, triticale -4.70 CU, winter oilseed rape -4.55 CU. Maize for silage has been proved to be significantly more productive than winter wheat, triticale and winter oilseed rape, while the yield of cereal units of winter oilseed rape and triticale has been significantly lower than winter wheat. The significantly highest yield of cereal units has been identified for a use of CT of soil cultivation 6.43 CU, followed by MTT -5.84 CU and the lowest yield of cereal units was under NTT -5.33 CU. In all evaluated crops (Table 4) the highest yield expressed in CU was under CT. For maize for silage MTT (disk cultivation) is comparable with conventional mouldboard ploughing.
Nitrogen-based fertilisation (N 120 ) has guaranteed a highly significant increase in yield of cereal units (6.25 CU) with comparison to zero nitrogen (5.48 CU). From an environmental point of view we have to take into consideration also energy inputs (Pospišil & Ržonca 2010) and environmental load from nitrogen fertilisation (Fazekašová et al. 2011) . Užík and Žofajová (2009) also found that effect of N on grain yield of different cultivars of winter wheat was significant, but little effective on the fertile soil environment. The highest average grain yield (8.76 t/ha) was higher only by 4.6% in the treatment N 120 compared with zero treatment N 0 in the favourable year 2005. In the less favourable year 2006, increase of grain yield at N 120 rate compared with N 0 was higher (116.3%).
Interactions year × crop and crop × technology of soil cultivation has highly significant effect on the variability of cereal units production. Agriculture (Poľnohospodárstvo), 58, 2012 (1): 25−33 Growing crops for energy production have been compared on the basis of energy acquired (in GJ/ha). During 2007-2009, average energy of the experiment at the level of 222.93 GJ/ha was acquired. In the most favourable year condition (in 2008), the significant energy acquired in plant biomass has been noted ( Table 3) . The highest amount of energy acquired (in GJ/ha) has been identified for winter oilseed rape -342.80 GJ/ha, followed by maize for silage with 236.99 GJ/ ha. Triticale with 159.39 GJ/ha and winter wheat with 152.52 GJ/ha acquired significantly less amount of energy with comparison to winter oilseed rape and maize for silage. Composition of energy has been as follow: winter triticale -35% composed of ethanol and 65% of straw, maize for silage 100% of biogas, winter wheat -40% of ethanol and 60% of straw, winter oilseed rape -10% of biodiesel and 90% of straw and crop residues. Values of the indicators are found in Table 5 . These results are higher than energy value of the crop obtained by energy balance evaluation due to full accounting of storage energy of biomass. Pospišil and Ržonca (2010) stated the energy value of winter wheat yields in interval 96.4-107.6 GJ/ha and for maize in interval 149.4-177.6 GJ/ha by using coefficient of 17.64 GJ/mg of dry matter of main product. Shäfer (2005) mentioned that the process energy for crop production may be attributed to seed, straw and roots.
The highest amount of energy acquired (in GJ/ha) has been identified for use of conventional technology of soil cultivation (CT) -252.59 GJ/ha, followed by MTT -222.28 GJ/ha and the lowest amount of energy acquired has been identified for .53 GJ/ha. Use of CT has therefore guaranteed a highly significant increment in the amount of energy acquired (in GJ/ha) compared with use of MTT or NTT. Use of MTT has guaranteed a highly significant increment in the amount of energy acquired compared with use of NTT. Nitrogen-based fertilisation (N 120 ) has supported a highly significant increase in the amount of energy acquired (in GJ/ha), but net gain of energy was only 13.46 GJ/ha.
Only interactions: year × crop, and crop × tillage technology have been highly significant.
As an economic indicator, indicative price of acquired energy in plant biomass was calculated. During 2007 During -2009 , indicative price of storage energy of whole crop rotation was balanced at €479.3. The highest indicative price of energy has been identified for winter oilseed rape (€737.0) followed by maize for silage (€509.5), winter triticale (€342.7) and winter wheat (€327.9). The highest indicative price of energy acquired was reached at CT -€536.4 followed by MTT T a b l e 5
The energy composition, calculated from different sources of energy crops [GJ/ha] Where: average -average of the experiment, NTT -no-tillage technology, MTT -minimum tillage technology, CTT -conventional tillage technology, N 0 -lower fertilization level, N 120 -higher fertilization level -€478.9 and for NTT only €422.5. Nitrogen-based fertilisation (N 120 ) has guaranteed a highly significant increase in indicative price of energy acquired (€498.6) compared with €460.0 of zero-nitrogen fertilisation. All forms of bioenergy when substituted for fossil fuels will directly reduce CO 2 emissions. Therefore, a combination of energy crop production with carbon sink and offset credits can result in maximum benefits from carbon mitigation strategies. This can be achieved by planting energy crops into previously arable or pasture land, which will lead to an increase in the average carbon stock on that land, while also yielding a source of biomass.
CONClusION
The results achieved during 2007-2009, on an experimental basis of Plant Production Research Center Piešťany in Borovce imply that all the crop-plants included in the crop rotation have been responsive to soil cultivation and to nitrogen-based fertilisation, that is also suggested by the following findings:
CT and MTT with nitrogen-based fertilisation (N 120 ) create better conditions for higher yield parameters in comparison with NTT, evaluated by indicators of productivity -yield of dry matter, yield of cereal units and energy acquired. For bioenergy purposes the energy acquired indicator is recommended.
Maize for silage has proved to be significantly more productive than triticale winter wheat and winter oilseed rape expressed in CU (9.01) and yield of dry matter (19.41 t/ha).
Nitrogen-based fertilisation (N 120 ) has guaranteed a higher indicative price of energy (about €29) compared with zero-nitrogen fertilisation.
Energy crops are suitable to substitute fossil fuels as energy sources. Therefore, a substantial contribution can be achieved in the effort to mitigate the additional greenhouse effect.
